In 2 experiments, relatively proficient Chinese-English bilinguals decided whether Chinese words were the correct translations of English words. Critical trials were those on which incorrect translations were related in lexical form or meaning to the correct translation. In Experiment 1, behavioral interference was revealed for both distractor types, but event-related potentials (ERPs) revealed a different time course for the 2 conditions. Semantic distractors elicited effects primarily on the N400 and late positive component (LPC), with a smaller N400 and a smaller LPC over the posterior scalp but a larger LPC over the anterior scalp relative to unrelated controls. In contrast, translation form distractors elicited a larger P200 and a larger LPC than did unrelated controls. To determine whether the translation form effects were enabled by the relatively long, 750-ms stimulus onset asynchrony (SOA) between words, a 2nd ERP experiment was conducted using a shorter, 300-ms, SOA. The behavioral results revealed interference for both types of distractors, but the ERPs again revealed different loci for the 2 effects. Taken together, the data suggest that proficient bilinguals activate 1st-language translations of words in the 2nd language after they have accessed the meaning of those words. The implications of this pattern for claims about the nature of cross-language activation when bilinguals read in 1 or both languages are discussed.
To understand the meaning of words in the second language (L2), adult learners appear to exploit their existing knowledge of the first language (L1) as a means to bootstrap the new L2 into the language system (e.g., Kroll & Stewart, 1994) . The reliance on the L1 translation to understand words in the L2 has been hypothesized to be a function of L2 skill, much like the evidence for transfer from the L1 to the L2 at the grammatical level (e.g., MacWhinney, 1997) . As learners become more proficient in the L2, they are thought to be better able to understand the meaning of L2 words directly, without L1 mediation (e.g., Kroll, Michael, Tokowicz, & Dufour, 2002; Sunderman & Kroll, 2006; Talamas, Kroll, & Dufour, 1999) . According to this hypothesis, although there is persistent activation of orthographically and phonologically similar lexical neighbors both within and across languages for even highly proficient bilinguals (e.g., Dijkstra, 2005; Guasch, Sánchez-Casas, Ferré, & García-Albea, 2008) , the L1 translation equivalent itself does not impact L2 processing significantly unless the individual is at an early stage of acquisition or the words being processed are relatively difficult.
A number of past studies have challenged this account of the role of the L1 translation equivalent in L2 processing (see Kroll & Tokowicz, 2005 , concerning the way in which translation has been used as a tool to reveal the architecture of the bilingual lexicon and Duyck, 2010, and Kroll, van Hell, Tokowicz, & Green, 2010 , for a recent discussion of these issues). One line of research has suggested that access to the meaning of L2 words may not require L1 mediation, even for learners at the earliest stages of acquiring the L2 (e.g., Altarriba & Mathis, 1997; Dufour & Kroll, 1995; Duyck & Brysbaert, 2004; Potter, So, Van Eckardt, & Feldman, 1984) . On this account, learners immediately acquire the means to access the concepts associated with new words in the L2. Not surprisingly, many previous studies have shown that relatively proficient L2 speakers need not retrieve the L1 translation to access semantic information for L2 words (e.g., Duyck & Brysbaert, 2002 La Heij, Hooglander, Kerling, & Van der Velden, 1996) . Indeed, if proficient bilinguals routinely retrieved the L1 translation equivalent, they would be unlikely to achieve the fluency normally associated with high levels of skill in L2 reading and speaking.
However, contrary to the claim that the translation equivalent may play no role in proficient performance and potentially little role in acquisition, another line of research, and the one that we address specifically in this article, has suggested that proficient bilinguals may continue to access the L1 translation equivalent even well after they have acquired a high degree of skill in the L2. Thierry and Wu (2007) asked Chinese-English bilinguals to perform a semantic relatedness judgment on pairs of words presented in English, their L2. These bilinguals were relatively proficient in the L2 and living in the United Kingdom in an English-dominant environment at the time that they were tested. Unbeknownst to the participants, on half of the semantically related and unrelated trials, the Chinese translations of the English words contained shared characters and were therefore related in lexical form. No Chinese words appeared in the experiment, but the logic was to determine whether the presence of shared characters in the Chinese translations would influence performance in English. If so, it would suggest that the Chinese translations of the English words were activated while deciding whether the English words were semantically related. Using both event-related potentials (ERPs) and behavioral measures, Thierry and Wu found evidence in the ERP record for an effect of the hidden Chinese characters. Although there was no effect in the behavioral data, the ERPs showed that the N400 was smaller for English word pairs with a shared character in their Chinese translations relative to word pairs without shared characters. This N400 attenuation was interpreted to reflect priming due to the similarity between the Chinese translations of the English words. Critically, the result suggested that not only learners at early stages of acquiring the L2 but also relatively proficient bilinguals access the L1 translation when they read words in the L2. In a more recent study, Wu and Thierry (2010) suggested that it is specifically the phonology, rather than the orthography, of L1 translation that is activated.
In the present study, we used both ERP and behavioral measures to ask whether relatively proficient Chinese-English bilinguals, immersed in an English L2 environment as were the participants in the Thierry and Wu (2007) study, would also show evidence of activating the L1 translation equivalent in a translation recognition task that has been used frequently to examine L2 learning. In translation recognition, participants are instructed to decide whether the second word in a pair is the correct translation of the first (de Groot, 1992; de Groot & Comijs, 1995) . In the present study, we used a variant of the translation recognition task that has been used to identify learners' sensitivity to lexical form similarity or meaning relationships to the correct translation of an L2 word (e.g., Altarriba & Mathis, 1997; Ferré, Sánchez-Casas, & Guasch, 2006; Guasch et al., 2008; Sunderman & Kroll, 2006; Talamas et al., 1999) . In this version of the task, participants need to first access the meaning of the first word and then compare it with the second word. The critical trials are those in which the two words are not correct translations. In the translation form condition, the second word resembles the lexical form of the translation (e.g., in Spanish a translation distractor for the English word man might be the word hambre, meaning "hunger," instead of hombre for "man"). In the semantic condition, the second word is related in meaning to the correct translation (e.g., a Spanish semantic distractor for the English word man might be mujer, which means "woman"). By comparing performance on these critical conditions to controls matched on lexical properties but otherwise unrelated to the correct translation, it is possible to examine the relative sensitivity of learners at different levels of proficiency to the form and meaning of L2 words. If bilinguals can directly access the meaning of the first word, then a semantic interference effect will be observed when the later L1 word is related in meaning but not the correct translation equivalent. In contrast, if bilinguals must first access the translation equivalent to retrieve the meaning of the L2 word, then an L1 word related in form to the translation itself should produce interference.
Unlike the semantic relatedness task used by Thierry and Wu (2007) , the translation recognition task explicitly requires that both languages be active. What is notable is that despite the requirement of this task to engage the translation equivalent, sensitivity to words that resemble the lexical form of the translation (i.e., interference for distractors like hambre that resemble hombre) is generally found only for relatively unskilled learners (e.g., Sunderman & Kroll, 2006; Talamas et al., 1999 ; but see Guasch et al., 2008) . Virtually all studies using this task other than Talamas et al. (1999) have shown that there is sensitivity to semantics, even among the same less proficient L2 learners who reveal sensitivity to the form of the translation. The finding that activation of the lexical form of the L1 translation occurs for unskilled learners has been interpreted to suggest that they use the translation to mediate access to the meaning of the L2 words. Once they achieve L2 skill, the need to do so is eliminated and semantic access is hypothesized to be direct in that it does not require L1 mediation (e.g., Sunderman & Kroll, 2006; and see Linck, Kroll, & Sunderman, 2009 , for evidence that semantic access may be enhanced and lexical mediation reduced for L2 learners in a language immersion context).
The conclusion based on the translation recognition studies stands in clear contradiction to the results of the semantic relatedness study reported by Thierry and Wu (2007) , who reported effects of the lexical form of the L1 translation for highly skilled bilinguals. However, the evidence on translation recognition is largely based on behavioral findings alone. To our knowledge, there are only two previous published studies of translation recognition using ERP measures (Palmer, Van Hooff, & Havelka, 2010; Vigil-Colet, Perez-Olle, & Garcia-Albea, 2000) . Vigil-Colet et al. (2000) did not specifically investigate the activation of the L1 translation. Palmer et al. (2010) examined translation recognition in the two directions, from the L1 to the L2 and the L2 to the L1, by comparing correct translation equivalents with incorrect translations. A larger N400 was observed for incorrect translations, and it was also larger for translations from the L2 to the L1 than for the reverse. Palmer et al. argued that their results supported the claim of the Revised Hierarchical Model (RHM) that the L1 translation equivalent is activated when processing the L2 for meaning. Thierry and Wu's evidence for activation of the L1 translation by skilled bilinguals was based on ERP data in a semantic relatedness task that did not explicitly require activation of the L1. A number of recent experiments with unskilled L2 learners have shown that at both the lexical and grammatical levels, the ERP record may reveal implicit processes that are not evident in behavioral measures alone due to its sensitivity to the unfolding of cognitive events over time (e.g., McLaughlin, Osterhout, & Kim, 2004; Tokowicz & MacWhinney, 2005) . If the behavioral evidence for activation of the L1 translation equivalent in translation recogni-tion is observed only for unskilled L2 learners, then the relatively proficient Chinese-English bilinguals in the present study should be sensitive to semantically related distractors but not to translation form distractors. However, based on the Thierry and Wu findings, even in the absence of a translation form effect in the behavioral data, a translation form effect might be found in the ERP data. The first experiment tested that prediction.
Experiment 1: Comparing ERP and Behavioral Performance in Translation Recognition
In Experiment 1, relatively proficient Chinese-English bilinguals living in the United States immersed in their L2, English, performed a translation recognition task to assess their sensitivity to distractor words in Chinese that were related in lexical form or meaning to the correct translation of an English word. Both behavioral measures (reaction times [RTs] and accuracy) and ERP measures were examined to determine whether these relatively proficient bilinguals would reveal sensitivity to the L1 translation equivalent when processing words in the L2. Measures of both L2 proficiency in English and individual differences in cognitive resources (executive function and memory span) were taken to enable later between-groups comparisons across experiments.
Method
Participants. Participants for this and the subsequent experiment were right-handed, Chinese-English bilinguals residing in the United States in a university community. In Experiment 1, results are presented for 20 participants (11 females, ages 23.6 Ϯ 3.9 years). A total of 33 participants initially completed the study, but data from 13 participants were excluded from the final analysis. Data from nine participants were excluded due to an insufficient number of trials: For six of these participants, trials were lost due to excess muscle artifact (primarily, but not exclusively, from blinks), for two participants trials were lost due to technical difficulties that prevented completion of the primary task, and one participant was unable to perform the primary task with the level of accuracy required to generate sufficient numbers of correct trials for analysis. In addition, four participants were excluded due to achieving lower than 60% accuracy in an English lexical decision task that was used to assess participants' L2 proficiency. The lexical decision task included low frequency but familiar four-to five-letter concrete nouns in English and matched pronounceable nonwords (i.e., pseudowords) that were orthographic neighbors of the English words. Participants saw only a given word or its matched pseudoword, although across participants each item was tested. Because the pseudowords were "legal" English forms, accurate performance on this task required knowledge of English vocabulary and could not be performed strictly with a basic understanding of English phonotactic or orthographic rules. Participants who were unable to perform this task with at least 60% accuracy were excluded to ensure that participants in the final set qualified as "highly skilled" Chinese-English bilinguals.
Participants were right-handed with no history of neurological disorders or language disorders and had normal or corrected-tonormal vision. They were all native Chinese speakers who could read simplified Chinese characters (i.e., Jian Ti Zi) and who were highly proficient in English. All except two of the participants began to learn English after the age of 6, primarily in a classroom setting. At the time of testing, all participants were living or studying in the United States. According to self-reports from a language history questionnaire, the participants' average written and spoken language proficiency on a 10-point scale ranging from 1 (not literate/fluent) to 10 (very literate/fluent) was higher in L1 than their proficiency in L2 (L1: M ϭ 9.33, SD ϭ 0.74; L2: M ϭ 7.56, SD ϭ 1.24). Although these bilinguals were relatively proficient in English as an L2, they were clearly L1-dominant. As noted earlier, they also completed a lexical decision task in English as an independent measure of L2 proficiency. Mean accuracy for nonwords for the final set of 20 participants was 81.99% (SD ϭ 11.42%), and for words was 84.27% (SD ϭ 9.85%). Lexical decision performance again suggests that the participants were relatively proficient in English as the L2.
Materials.
In this experiment, 480 word pairs were constructed in which the first item in each pair was an English word and the second item was a Chinese word. All of the words used in the study were nouns. One hundred sixty of the pairs were correct translation pairs (YES trials), while the remaining 320 pairs were not correct translations (NO trials). Among the NO trials, there were two types of critical distractors: Chinese words that were related in lexical form to the correct translation of the English word (translation form distractors: e.g., the English word sugar was paired with the Chinese word for pond, " " [pronounced ] , which sounds like the Chinese word for sugar, " " [also pronounced ] and also overlapping in visual form with this word); and Chinese words that were semantically related to the correct translation of the English word (semantic distractors: e.g., the English word needle was paired with the Chinese word for thread, " " [pronounced ] , instead of the Chinese word for needle, " " [pronounced ] ). Control items were also created where English words from the critical conditions were paired with Chinese words that were not lexically or semantically related to them (e.g., the English word sugar may have been paired with " " [pronounced , meaning "arc"]), creating a matched nonrelated distractor for each condition (i.e., translation form controls and semantic controls). Thus, there were four types of NO conditions, with 80 word pairs in each condition, and the same English words were used for the critical and control conditions of each type (translation form and semantic). Participants all saw the same YES trials, but the four types of NO trials were counterbalanced such that each English word was presented only once, paired with either its critical distractor or matched control. Because each participant saw 40 pairs in each of the four NO response conditions, participants were presented with equal numbers of YES and NO trials (160 of each). In each condition, half of the Chinese words contained two characters, while the remaining Chinese words contained only one character. Stimuli from the NO trials are provided in the Appendix, and Table 1 gives the lexical characteristics of the items in each of the four NO conditions.
Translation form distractors did not overlap in meaning with the correct translations, and semantic distractors did not share a form relationship (in phonology or orthography) with the correct translations. However, across trials within a given condition, distractors varied somewhat in their degree of overlap with the correct translations. Translation form distractors varied in phonological overlap with correct translations such that many were homophones with the correct translation, but some were not. In addition, character repetition for translation form distractors was minimized in order to avoid semantic priming effects, but some of the two-character translation form distractors and the correct translations shared a character (16 out of 80 trials; stimuli sharing a character are italicized in the Appendix). Semantic distractors also varied in the nature of their relationship with the correct translation (i.e., some were categorically related, some were associatively related). A separate group of 15 native Chinese speakers in Beijing were asked to rate the lexical similarity between translation form distractors and the correct translations, and the semantic relatedness of semantic distractors and correct translations, using a 5-point scale ranging from 1 (not similar in form or semantically related) to 5 (very similar or semantically related). The control items and the correct translations from each condition were also rated for their lexical or semantic similarity. Results from these subjective ratings showed a significant difference in the lexical similarity of the translation form distractors to correct translations compared with their controls, t(14) ϭ 7.06, p ϭ .000, and a significant difference in perceived semantic relatedness to correct translations between the semantic distractors and their controls, t(14) ϭ 9.66, p ϭ .000.
Chinese words in the control conditions were matched to the critical items on word length and frequency. There were no significant differences between semantically related and unrelated Chinese words as well as Chinese translation form and their controls in word frequency or number of strokes. There were also no significant differences between the English words used in the semantic condition and the translation form condition in word frequency or in word length. However, the Chinese words across the semantic and translation conditions differed in word frequency, t(159) ϭ 3.78, p ϭ .000. Therefore, the comparisons that we report focus on within-rather than across-condition comparisons, since the critical comparisons were designed so that the related conditions were closely matched to their respective unrelated controls.
Procedure. Prior to beginning the experiment, participants were asked to provide informed consent. They then completed a 20-item handedness questionnaire and provided demographic information before completing four computerized tasks and a detailed language history questionnaire. Each participant first performed the translation recognition task. The other tasks were an English lexical decision task (LDT), the Simon task (Simon & Ruddell, 1967) , and an operation span task performed in Chinese (Turner & Engle, 1989) . Results from the LDT were used to verify self-reported English proficiency provided in the language history questionnaire. The Simon and operation span tasks were used to measure individual differences in attentional ability and memory resources for the purposes of matching participants across experiments (see Table 2 ). A number of recent studies have shown that bilinguals have advantages in both executive control ability and working memory (e.g., Bialystok, Craik, Klein, & Viswanathan, 2004; Kroll et al., 2002) . Although the present study did not specifically compare bilingual and monolingual performance, the inclusion of different bilinguals in the three experiments we report required that we demonstrate that they are otherwise similar on both language proficiency and cognitive abilities. During the translation recognition task, participants were seated in a sound-attenuated and electrically shielded room under dim lighting conditions. Participants viewed the stimuli on a computer screen and made responses on a button box while an electroencephalograph (EEG) was monitored. Items appeared one at a time at the center of the screen in white font on a black background. English words were presented in lower case letters, while Chinese words were presented in simplified Chinese characters (i.e., Jian Ti Zi). Each trial began with a 2,000-ms fixation symbol (ϩ), followed by a 200-ms interstimulus interval (ISI) and presentation of an English word for 500 ms. The English word was followed by a 250-ms ISI before the Chinese word appeared on the screen for 500 ms. Following the Chinese word there was a 600-ms ISI before the next trial began.
Participants were told to read each item as it was presented and to determine if the Chinese word was the correct translation of the (Wang, 1986) . Word frequency for English words is based on the Kučera and Francis Frequency Database (1967) and retrieved from the English Lexicon Project website (Balota et al., 2007 ; http:// elexicon.wustl.edu/). Note. L1 ϭ first language; L2 ϭ second language; LDT ϭ lexical decision task; ACC ϭ accuracy; PWs ϭ pseudowords; Ws ϭ words; RT ϭ reaction time; IC ϭ incongruent trials; C ϭ congruent trials. English word. Their task was to press one button labeled YES for correct translations and another button labeled NO for incorrect translations as quickly and accurately as possible. Participants were also asked to try to limit blinks to the time during the presentation of the fixation symbol in order to reduce artifact. They were given practice with 16 similar items that were not presented elsewhere in the experiment. During the practice trials (and again during the experimental breaks where needed), participants were given feedback about their blink performance. A total of 320 word pairs were presented in the experiment, with a brief break following every 80 pairs. Participants were evenly distributed across the counterbalanced lists, and response hand was also counterbalanced across participants. EEG recording. Twenty-nine channels of EEG activity were recorded from scalp electrodes in an elastic electrode cap (ElectroCap International, Eaton, OH). Eleven electrodes measured from standard International 10 -20 system locations at right and left hemisphere frontal (F3/F4), central (C3/C4), temporal (T3/T4), and parietal (P3/P4) sites as well as frontal (Fz), central (Cz), and parietal (Pz) midline sites. Ten additional sites were used from the Modified Combinatorial Nomenclature system representing the frontal pole (FPz), occipital pole (Oz), four left and right hemisphere frontocentral sites (FC1/FC2, FC5/FC6), and four centroparietal sites (CP1/CP2, CP5/CP6). Eight modified 10 -20 system sites were also used that recorded from 33% of the distance from FPz to T3/T4 (FP1Ј/FP2Ј), 67% of the distance from FPz to T3/T4 (F7Ј/F8Ј), 33% of the distance from Oz to T3/T4 (O1Ј/O2Ј), and 67% of the distance from Oz to T3/T4 (T5Ј/T6Ј). Two electrodes measured the electro-oculogram to monitor for eye blinks and horizontal eye movements, one below the left eye (LE) and one lateral to the right eye (HE). All electrodes were referenced to the left mastoid (A1), and the right mastoid (A2) was also recorded, in order to determine if there was differential mastoid activity. Impedances for scalp and mastoid electrodes were reduced to less than 5 kilo-ohms (k⍀), and the impedances of eye electrodes were less than 20 k⍀. The EEG was amplified by an SA amplifier system with a bandpass of 0.1 to 40 hertz (Hz). Hardware filtering settings were selected to best capture the effects of interest, while minimizing potential interference due to amplifier blocking or ambient electrical noise. EEG was sampled continuously during the experiment at a rate of 200 Hz.
Data analysis.
Both behavioral and electrophysiological measures were used to evaluate performance on the translation recognition task. Only correct responses were used for analysis. Behavioral reaction time (RT) and accuracy were measured based on button press responses to the second word of each pair (i.e., the Chinese word) recorded during collection of the EEG. Responses occurring between 200 ms and 2,000 ms poststimulus onset were considered valid. RTs slower than 2.5 standard deviations above a participant's mean RT were further excluded from analysis of the behavioral data as outliers. On average, 4.11% of the responses from each participant were excluded as outliers. We evaluated the interference from semantic and translation form distractors separately because each condition was paired with controls matched to the specific properties of the critical distractors. For each comparison, a paired-samples t test was performed.
ERPs were averaged offline for each participant at all electrode sites for each condition to provide waveforms beginning with a baseline 100 ms prior to presentation of the Chinese word and continuing until 900 ms poststimulus onset. Only correct trials free from eye and muscle artifact were included in the averages. Artifact rejection involved a two-stage process in which a standard algorithm was applied by the computer and then each participant's data were manually checked and validated as well. When needed, parameters from the standard algorithm were adjusted to ensure that the averages were based on artifact-free data. For the 20 participants included in the final sample, 10.64% (range: 0.63%-20.87%) of correct trials were rejected, with 7.86% (range: 0%-18.42%) rejected for the semantically related condition, 12.14% (range: 2.5%-21.05%) rejected for the semantic control condition, 13.21% (range: 0%-28.21%) rejected for the condition related to translation form, and 9.33% (range: 0%-20.51%) rejected for the translation form controls. Individual participants' data were subjected to a 15-Hz low pass filter, and the individual ERPs were then grand-averaged for presentation. Individual participant data prior to this filtering step were used for all statistical analyses.
Based on visual inspection of the results and prior reports, three time windows were selected for analysis of the mean amplitudes of components of interest: The P200 was analyzed from 150ms to 300 ms, the N400 was analyzed from 300 ms to 500 ms, and a late positive component (LPC) was evaluated from 500 ms to 700 ms. Repeated-measures analyses of variance (ANOVAs) were performed separately for the semantic interference effects (semantic distractors vs. their controls) and the translation form interference effects (translation form distractors vs. their controls). Additionally, separate analyses were done for the midline electrode sites (FPz, Fz, Cz, Pz, Oz) and for each of three concentric rings of lateral electrode sites (inner circle: FC1/FC2, C3/C4, CP1/CP2; middle circle: F3/F4, FC5/FC6, CP5/CP6, P3/P4; outer circle: FP1Ј/FP2Ј, F7Ј/F8Ј, T3/T4, T5Ј/T6Ј, O1Ј/O2Ј). Analyses were divided into these regions to allow for description of the topographic distribution of the effects, taking into account the relative positions of the electrodes. Each set of sites allows for comparison of effects from anterior to posterior, and across the sets effects can be described along the dimension of medial (midline) to lateral (outer circle). For each set of analyses, factors of interest were experimental condition, hemisphere (if appropriate), and electrode site. The Geisser-Greenhouse correction for nonsphericity was applied when degrees of freedom were larger than 2, although nonadjusted degrees of freedom are presented. Adjusted p values are reported as significant at or below the .05 level. Only condition main effects and interactions of conditions with the other variables are reported here. Main effects and interactions involving only electrode site and hemisphere reflect topographical differences in the ERP signal that are not of primary relevance to the current work. When interactions involving condition differences were statistically significant, post hoc t tests and/or simple effects analyses were performed.
Results
Behavioral data. The behavioral results are shown in Figures 1 and 2. As noted earlier, paired-samples t tests were conducted for each distractor type and control pair separately, since semantic and translation conditions were not matched on frequency to each other. There was a significant difference between RTs for the semantically related versus unrelated conditions, t(19) ϭ 5.22, p ϭ .000, indicating that it took longer to reject semantically related distractors than controls. There was also a significant difference between RTs for translation form distractors and their controls, t(19) ϭ 4.40, p ϭ .000, indicating that participants were also slower to reject the translation form distractors. Participants were also less accurate at rejecting both the semantically related distractors, t(19) ϭ -6.75, p ϭ .000, and the translation form distractors, t(19) ϭ -5.01, p ϭ .000, relative to their corresponding unrelated controls.
ERP data. Figures 3 and 4 show the ERP waveforms for the critical NO conditions at all 29 scalp electrode sites. Figure 5 shows the waveforms for these conditions at three midline sites, with the components of interest labeled. All conditions elicited an N100 component (peaking about 125 ms after onset of the Chinese word), a P200 component (peaking around 250 ms), an N400 component (peaking around 360 ms), and a late positive component (LPC), beginning after approximately 500 ms. However, semantically related trials elicited a smaller N400 over the frontocentral scalp and a smaller LPC over the right posterior scalp but a larger LPC over the anterior scalp relative to semantically unrelated trials (see Figure 3) . In contrast, translation form distractors elicited a larger P200 and a larger LPC compared with unrelated trials (see Figure 4) . These patterns were confirmed with the ANOVAs described next.
Semantic interference effect. P200. There were no significant effects of semantic distractors on the P200.
N400. There was a significant main effect of condition over the midline electrodes, F(1, 19) ϭ 4.93, p ϭ .039, and trends toward significance over most of the other electrode sites: inner circle: F(1, 19) ϭ 3.84, p ϭ .07; middle circle: F(1, 19) ϭ 3.23, p ϭ .09. This result reflects the fact that that the mean amplitude for the semantically unrelated control condition was more negative than that for the semantically related condition during the N400 epoch.
There was also a significant interaction between condition and electrode for each set of electrode sites: midline: F(4, 76) ϭ 4.27, p ϭ .016; inner circle: F(2, 38) ϭ 7.12, p ϭ .003; middle circle: F(3, 57) ϭ 4.12, p ϭ .036; outer circle: F(4, 76) ϭ 3.77, p ϭ .041. Further paired t tests showed a frontocentral distribution of the effect, such that there were significant differences or trends toward significant differences in N400 mean amplitude for the semantically related condition versus the unrelated condition at FPz, t(19) t(19) ϭ 2.57, p ϭ .019; F7/8, t(19) ϭ 1.83, p ϭ .08; T5/6, t(19) ϭ -1.87, p ϭ .08; O1/2, t(19) ϭ -2.68, p ϭ .015. However, it should be noted that the direction of the effect differed by electrode site, such that at frontal sites there was a larger LPC for the semantically related trials, while at the temporal, parietal, and occipital sites, the LPC was larger for the controls.
Translation form interference effect. P200. There was a significant main effect of condition over midline electrodes, F(1, 19) ϭ 4.88, p ϭ .04, and inner circle electrodes, F(1, 19) ϭ 6.07, p ϭ .023, and there was a trend toward significance over middle circle electrodes, F(1, 19) ϭ 3.65, p ϭ .07. This result indicates that translation form distractors elicited a larger P200 than did the controls. There was a trend toward a significant interaction between condition and channel at middle circle sites, F(3, 57) ϭ 3.07, p ϭ .09. There was also a trend toward a significant interaction between condition and hemisphere over the middle circle sites, F(1, 19) ϭ 4.27, p ϭ .05, and a significant interaction between condition and hemisphere over the outer circle electrodes, F(1, 19) ϭ 7.78, p ϭ .012. Over the outer circle electrodes, further paired t tests showed a trend toward a significant difference between the mean amplitude of the P200 for translation form distractors and that for controls over the right hemisphere, t(19) ϭ 1.91, p ϭ .07, but there was no significant difference between conditions over the left hemisphere, t(19) Ͻ 1.
N400. There was a significant interaction between condition and hemisphere over the middle circle electrodes, F(1, 19) ϭ 5.33, p ϭ .032, and outer circle electrodes, F(1, 19) ϭ 13.65, p ϭ .002. However, over the middle circle electrodes, further paired t tests showed no significant differences between conditions over the left hemisphere, t(19) Ͻ 1, or the right hemisphere, t(19) ϭ 1.19, p ϭ .248. Over the outer circle electrodes, there was a trend toward a significant difference between the N400 mean amplitude for translation form distractors and that for controls over the right hemisphere, t(19) ϭ 1.83, p ϭ .08. However, there was no significant difference between conditions over the left hemisphere, t(19) Ͻ 1. Overall, these results suggest that there was a small but unreliable N400 translation form interference effect.
Because visual inspection suggested that some differences may exist on the N400 that were not revealed in the statistical analyses, a second set of analyses were computed over a shorter N400 window. Specifically, the mean amplitudes from 350 ms to 450 ms were compared for the translation form distractors and their controls. The pattern revealed was similar to that found in the original analyses from 300 ms to 500 ms. The only effects that reached significance were for the Condition ϫ Hemisphere interaction at middle circle sites, F(1, 19) ϭ 4.99, p ϭ .038, and outer circle sites, F(1, 19) ϭ 11.68, p ϭ .003. Further paired t tests resulted in no significant differences for either hemisphere for either set of electrodes. Trends were also observed at the inner circle sites, F(2, 38) ϭ 2.97, p ϭ .09, and middle circle sites, F(3, 57) ϭ 3.78, p ϭ .06, for an interaction between condition and channel, but these effects did not reach significance.
LPC. There was a significant main effect of condition over each set of electrode sites: midline: F(1, 19) ϭ 13.33, p ϭ .002; inner circle: F(1, 19) ϭ 5.11, p ϭ .036; middle circle: F(1, 19) ϭ 6.09, p ϭ .023; outer circle: F(1, 19) ϭ 5.65, p Ͻ .028). This result indicates that translation form distractors elicited a larger LPC than did controls. There was also a trend toward a significant interaction 
Discussion
Experiment 1 asked whether relatively proficient ChineseEnglish bilinguals who are immersed in an English-speaking environment access the L1 translation equivalent of an L2 word when they are reading to understand its meaning. Both eventrelated potentials (ERPs) and behavioral responses were recorded while participants performed a translation recognition task in which they decided whether a Chinese word was the correct translation of an English word. The relationship between the Chinese and English words was manipulated such that the critical trials consisted of Chinese words that were not translation equivalents but that were related in meaning or in lexical form similarity (i.e., orthographically and/or phonologically) to the correct translation of the English words. Performance on each distractor type was compared with controls matched on lexical properties but otherwise unrelated to the translation.
Behavioral measures of response time and accuracy revealed interference for both distractor types such that related trials were more difficult to reject as being incorrect translations than were unrelated controls. Furthermore, similar magnitudes of semantic and lexical interference effects were observed even in these proficient bilinguals. These results are inconsistent with findings reported in most previous behavioral studies using the translation recognition task, which have shown a larger semantic interference effect than lexical interference effect in proficient bilinguals but an opposite pattern in less proficient bilinguals or individuals still at an early stage of learning a second language (Altarriba & Mathis, 1997; Sunderman & Kroll, 2006; Talamas et al., 1999) . For example, Altarriba and Mathis (1997) taught monolingual English speakers a set of Spanish-English translations and then tested these monolinguals and Spanish-English bilinguals using the translation recognition task. Both orthographically and semantically related foils produced interference for both groups of participants, but less lexical interference and greater semantic interference were found in proficient learners compared with monolinguals. Other studies (e.g., Sunderman & Kroll, 2006; Talamas et al., 1999) have suggested that the role of L1 translation equivalents in L2 word processing is modulated by second language proficiency. In other words, dependence on the L1 translation equivalent appears to be reduced as the L2 becomes more proficient, so that more proficient bilinguals appear to be able to retrieve the meaning of a word in the second language directly. However, based on the behavioral results obtained in the present experiment, activation of the L1 translation is observed even in proficient Chinese-English bilinguals. A recent study by Guasch et al. (2008) also found evidence for L1 lexical activation in proficient Spanish-Catalan bilinguals. However, these results cannot provide unequivocal evidence for the L1 mediation hypothesis, because the apparent L1 lexical activation may occur after the L2 word has been comprehended and therefore be a byproduct of accessing the meaning of L2 words. We return to this alternative interpretation after discussing the ERP results.
Overall, the ERP results in the present experiment confirmed the behavioral results, such that effects of both semantic and translation form distractors were observed in the ERP waveforms. However, to our knowledge, the present study is the first to show that the temporal course of interference from the different types of distractors in the translation recognition task differs. Specifically, semantic distractors elicited effects primarily on the N400 and LPC, with a smaller N400 and a smaller LPC over the posterior scalp but a larger LPC over the anterior scalp relative to that in unrelated controls. In contrast, translation form distractors elicited a larger P200 and a larger LPC than did unrelated controls. Depending on the condition, then, effects were observed as early as 150 ms on the P200 and lasted until near the end of the recording epoch.
The earliest component implicated, the P200, was larger for translation form distractors than for controls. The P200 has been reported to be sensitive to lexical processing in past studies, although those that have addressed its significance in contexts relevant to the current study have produced somewhat mixed results. In a study that investigated orthographic and phonological processing, Barnea and Breznitz (1998) found that a larger P200 was elicited when word pairs rhymed. They suggested that this ERP component may therefore index an early stage of word recognition. Liu, Perfetti, and Hart (2003) also found evidence for P200 effects for orthographically related Chinese word pairs in a pronunciation judgment task, although their orthographically related pairs showed a reduction of the P200. Misra and Holcomb (2003) reported evidence for an enhanced P200 for masked repetition priming (in English) in the context of a semantic monitoring task, but a reduction in P200 amplitude was found when Chinese native speakers read Chinese word pairs in which one character of the items repeated in the semantic judgment task by Thierry and Wu (2007) . These findings suggest that the P200 is sensitive even to automatic processing of form similarity between two words, although results have been inconsistent regarding whether lexical similarity contributes to a reduction or increase of the P200 amplitude. Unfortunately, the reasons for the inconsistent findings across studies are somewhat unclear. While the variation in results is likely due to differences in the tasks or procedures used in previous studies, those differences are not readily apparent. Variables such as degree of orthographic and phonological overlap between items or the type of task (semantic vs. form-based) do not appear to account for the different patterns. The current work adds to this body of literature. In the present experiment, all conditions elicited a P200 after about 150 ms of the second word onset, but translation form distractors produced a larger P200 relative to unrelated controls. The only difference between translation form distractors and their controls was that the former shared orthographic and/or phonological information with the correct translation of the first word. This result suggests that lexical information about the L1 translation was activated when Chinese-English bilinguals read L2 words. When participants then saw a translation form distractor that partially overlapped with the correct translation, additional resources might have been required to determine whether it was a correct translation, thus resulting in a larger P200. However, because a fairly long period of time elapsed between the onset of the L2 word and the subsequent presentation of the L1 word in this task (i.e., 750 ms), it is unclear whether the lexical information for the translation was generated in order to read and understand the L2 word or as a strategy to prepare for comparing the L1 word with the correct translation.
The second ERP component observed to be sensitive to interference effects in the translation recognition task was the N400, which was attenuated for the semantic distractors compared with controls. The N400 was first reported by Kutas and Hillyard (1980) in a sentence reading study, in which semantically anomalous words elicited a larger negative ERP component, peaking over the centroparietal scalp about 400 ms after word onset. Many subsequent studies have found that the N400 is sensitive to a variety of different lexical and semantic manipulations, such that any situation that establishes context for a word may serve to attenuate the N400. For example, its amplitude is smaller when a word is preceded by a semantically related word than when it is preceded by an unrelated word (e.g., Brown, Hagoort, & Chwilla, 2000) . Similarly, the N400 (or a slightly later component referred to as the N450) has been shown to be sensitive to whether two words rhyme (e.g., Grossi, Coch, Coffey-Corina, Holcomb, & Neville, 2001 ). N400 effects are typically interpreted to reflect the relative ease of lexical/semantic integration processes. In the present experiment, all critical conditions elicited an N400 after about 300 ms following the second word onset, but a smaller N400 was produced by semantic distractors than by unrelated controls. Attenuation of the N400 mean amplitude suggests that processing the L2 English words may have primed the meaning of the L1 Chinese words when they were semantically related. Only small, statistically unreliable effects on the N400 were observed for the translation form distractors in this study.
Finally, both types of critical distractors modulated a late positive component (LPC) beginning about 500 ms after the onset of the Chinese word. The LPC is often associated with experimental tasks requiring judgments to be made about stimuli and has been reported to be related to conscious recollection (e.g., Misra & Holcomb, 2003) . The LPC may also overlap both temporally and spatially with another component, the P600, and it has been argued by some that these are the same component or part of the same family of components. While some research has suggested that the P600 is specifically sensitive to syntactic violations (e.g., Osterhout & Holcomb, 1992) , other studies have shown that this component is also sensitive to orthographic misspelling in sentence reading (Münte, Heinze, Matzke, Wieringa, & Johannes, 1998; Vissers, Chwilla, & Kolk, 2006) and semantic violations (e.g., Kolk, Chwilla, Van Herten, & Oor, 2003; Münte et al., 1998) . Recently it has been argued that the P600 reflects monitoring triggered by conflict processing and reanalysis of information processing to resolve response uncertainty (e.g., Kolk & Chwilla, 2007) . The results of the present experiment may provide further support for the hypothesis that the P600/LPC is not specific to syntactic processing but instead that it more generally reflects reprocessing (Kolk & Chwilla, 2007) . Specifically, when the Chinese words were related to Chinese translations of English words presented previously, either semantically or by resemblance to the translation equivalent, participants may have needed to recheck whether they were the correct translation to avoid incorrect responses, resulting in a larger LPC for the critical distractors in the translation condition and at anterior sites for the semantic condition. However, it is still not clear why semantic distractors generated an opposite pattern over the anterior scalp than the posterior scalp, especially since there was no such reversal for the translation form distractors. One possible reason for the different direction of the semantic LPC effect between anterior and posterior electrode sites, when compared with controls, may be that the processing of critical and control items involves different generators. Scalp topography of effects may vary with the location of the underlying neural sources. An alternative explanation is that the late semantic effect observed in our study may in fact reflect a pair of overlapping effects, one with a more anterior distribution and one with a more posterior distribution. For example, a frontal positivity might overlap with a more posteriorly distributed negativity. Future research may disentangle this result further, but either explanation suggests that while these late effects for the different types of distractors may have a similar time course, they likely reflect different underlying processes.
Taken together, the ERP results in Experiment 1 provide evidence that semantic and lexical interference effects observed in a translation recognition task have different time courses. Specifically, during the early phase of stimulus processing, translation form interference is indexed by the P200 (beginning around 150 ms), while semantic interference is indexed somewhat later, by the N400 (beginning around 300 ms). During the later decisionmaking stages, both types of interference are associated with the LPC (500 -700 ms) but with different patterns for the two distractor conditions. These results suggest that the L1 translation is activated while reading L2 words, even for relatively proficient bilinguals, a finding that is consistent with the results reported by Thierry and Wu (2007) . In addition, since evidence for activation of the L1 translation in proficient bilinguals has been observed in the behavioral study with proficient Spanish-Catalan bilinguals by Guasch et al. (2008) , these findings cannot be attributed to script differences between Chinese and English. However, the present results are inconsistent with previous findings in several other behavioral studies (e.g., Talamas et al., 1999; Sunderman & Kroll, 2006) , which have reported that only unskilled learners or less proficient bilinguals rely on access to the L1 translation equivalent when reading words in the L2. The discrepancy between the results across these studies raises the issue of whether these inconsistent findings are due to other factors. One factor that varies across different translation recognition studies is the stimulus onset asynchrony (SOA; i.e., the interval from onset of the first word to the onset of the second word). The studies that have found activation of the L1 translation in proficient bilinguals have used a relatively long SOA (e.g., an average of 1,100 ms in Thierry & Wu, 2007;  750 ms in the current study and Guasch et al., 2008) to allow sufficient time for the initial word to be processed before evaluating the ERP trace for the second word or to make sure that less proficient bilinguals had sufficient time to process words. However, those studies that did not find activation of the L1 translation in skilled bilinguals used a shorter SOA (e.g., 500 ms in Talamas et al., 1999, and Kroll, 2006) . It is possible that the long SOA encouraged bilinguals to activate the translation equivalent once they understood the meaning of the L2 word. This tendency may be particularly great in tasks like translation recognition, which require participants to perform cross-language judgments; however, even in Thierry and Wu's study, later activation of L1 equivalents might be predicted by fully interactive models of lexical access. Although the present study and some past studies have provided evidence for activation of the L1 translation in relatively skilled bilinguals, that activation may follow a different time course than the activation of semantic alternatives. Thus, for relatively proficient bilinguals, the translation may be activated after the meaning of the L2 word has been processed.
To test the hypothesis that proficient bilinguals access the translation equivalent once they have understood the meaning of the L2 word but not as a means to access the semantics of the L2 word, we performed an additional experiment. In Experiment 2, we collected both behavioral and ERP data at a short SOA to further evaluate the electrophysiological correlates of processing at the short SOA. If Chinese-English bilinguals use the L1 translation to access meaning for the L2 words, then translation effects should also appear at a short SOA and semantic effects should follow the presence of translation effects, resulting in a P200 effect for translation effects and an N400 effect for semantic effects as in Experiment 1. However, if L1 translations are activated after accessing the semantics of the L2 words, then semantic effects should be present earlier than translation effects at the short SOA, resulting in an N400 effect for semantic effects but no P200 effect for translation effects. In addition, behavioral interference and an LPC effect may still be observed for both distractor types because even if there is no early translation effect in the ERP data, the behavioral measures may reflect the later decision processes as well.
Experiment 2: Behavioral and ERP Performance in
Translation Recognition at a Short SOA (300 ms)
In Experiment 2, a sample of Chinese-English bilinguals drawn from the same relatively proficient population tested in Experiment 1 performed the translation recognition task at a short, 300-ms SOA in place of the long, 750-ms SOA. The question in this experiment was whether relatively proficient bilinguals would show evidence of accessing the L1 translation equivalent even when the SOA is short. We predicted that under these conditions, there would continue to be a robust effect of semantically related distractors but that the effects of translation-related form distractors would diminish or disappear entirely.
Method
Participants. Thirty participants were recruited for Experiment 2. None of them had participated in Experiments 1, but they were selected from the same bilingual population using the same criteria. All of the participants began to learn English after the age of 6 and were classroom learners. They lived or studied in an English-speaking country when tested. Data from 12 participants were excluded. Eight participants were excluded because of missing data in the ERP analysis due to muscle artifact. Data from three other participants were excluded because their accuracy rate in the lexical decision task was lower than 60%. Data from one other participant were excluded due to insufficient knowledge of the simplified version of the Chinese characters.
The final group of 18 participants (15 females, age 22.9 Ϯ 3.9 years) in Experiment 2 was closely matched with participants included in Experiment 1 based on self-rating scores in L1 and L2 as well as on performance on the lexical decision task, the Simon task, and the operation span task. Performance on these measures for all two groups is summarized in Table 2 . According to the output of a 2 (group) ϫ 2 (language) ANOVA performed to the self-rating scores, the main effect of language was significant, F(1, 36) ϭ 37.87, p ϭ .000, indicating that their self-ratings in L1 (Chinese) were higher than for their L2 (English). However, the main effect of group and interaction between group and language was not significant, indicating there were no differences in self-rating scores between participants in the two experiments. According to independent sample t tests, there were also no significant differences between groups in L2 proficiency measured by the lexical decision task in L2, memory span measured by the operation span task, or attentional control ability measured by the Simon task.
Materials. The same materials were used as in Experiment 1. Procedure. A similar procedure was used for Experiment 2 as in Experiment 1 except that the durations of the English words and the following blank screen were changed to 250 ms and 50 ms, respectively, so that all items were presented in the short SOA condition (i.e., 300 ms).
EEG recording. The same EEG equipment and parameters were used for Experiment 2 as in Experiment 1.
Data analysis. The same criteria were used for behavioral data analysis in Experiment 2 as in Experiment 1. On average 3.02% of the responses from each participant were excluded as outliers.
ERPs were averaged offline for each participant at all electrode sites for each condition to provide waveforms beginning with a baseline 100 ms prior to presentation of the Chinese word and continuing until 800 ms poststimulus onset. The same criteria were used for ERP data analysis. For the 18 participants included in the final sample, 8.57% (range: 1.99%-15.29%) of correct trials were rejected, with 7.12% (range: 0%-18.52%) rejected for the semantically related condition, 9.41% (range: 2.56%-18.42%) rejected for the semantic control condition, 9.99% (range: 0%-32.00%) rejected for the translation form related condition, and 7.74% (range: 0%-13.89%) rejected for the translation form controls.
Results
Behavioral data. The behavioral results are shown in Figures  1 and 2 . Paired-samples t tests were conducted for each distractor type and control pair separately. There was a significant difference between RTs for the semantically related versus unrelated conditions, t(17) ϭ 5.51, p ϭ .000, indicating that it took longer to reject semantically related distractors than controls. There was also a significant difference between RTs for translation form distractors and their controls, t(17) ϭ 5.95, p ϭ .000, indicating that participants were also slower to reject the translation form distractors. Participants were less accurate at rejecting both the semantically related distractors, t(17) ϭ -9.89, p ϭ .000, and translation form distractors, t(17) ϭ -3.23, p ϭ .005, than their corresponding controls.
ERP data. Figures 6 and 7 show the ERP waveforms for the critical NO conditions at all 29 scalp electrode sites. Figure  8 shows the waveforms for these conditions at three midline sites, with components of interest labeled. As expected, the baseline data were much noisier than those for the long SOA experiment, and early ERP components such as N100 were contaminated by carryover effects from the ERPs elicited by first words. All conditions elicited a P200 (peaking around 260 ms), an N400 (peaking around 400 ms), and a late positive component (LPC), beginning after about 500 ms. However, semantically related trials elicited a smaller N400 and a larger LPC relative to semantically unrelated trials (see Figure 6 ). In contrast, ERPs elicited by translation form distractors and unrelated trials were similar in the early part of the waveform but differed in a later time window (see Figure 7) . These patterns were confirmed with the ANOVAs described later.
N400. There was a significant main effect of condition over each set of electrode sites: midline: F(1, 17) ϭ 13.35, p ϭ .002; inner circle: F(1, 17) ϭ 8.53, p ϭ .01; middle circle: F(1, 17) ϭ 10.69, p ϭ .005; outer circle: F(1, 17) ϭ 13.14, p ϭ .002. This result reflects the fact that the mean amplitude for the semantically unrelated control condition was more negative than that for the semantically related condition during the N400 epoch. The interaction between condition, hemisphere, and electrode for the outer circle sites was marginally significant, F(4, 68) ϭ 2.55, p ϭ .06.
LPC. There was a significant main effect of condition over three sets of electrode sites: midline: F(1, 17) ϭ 6.64, p ϭ .02; middle circle: F(1, 17) ϭ 4.52, p ϭ .048; outer circle: F(1, 17) ϭ 5.06, p Ͻ .038. This result indicates that semantic distractors elicited a larger LPC than did controls.
There was a significant interaction between condition and electrode for each set of comparisons: midline: F(4, 68) ϭ 9.91, p ϭ .001; inner circle: F(2, 34) ϭ 24.75, p ϭ .000; middle circle: F(3, 51) ϭ 11.68, p ϭ .001; outer circle: F(4, 68) ϭ 9.46, p ϭ .002. Further paired t tests showed that there were significant differences or trends between the LPC mean amplitudes for the semantically related condition versus controls at FPz, t(17) ϭ 3.81, p ϭ .001; Fz, t(17) ϭ 3.38, p ϭ .004; FC1/2, t(17) ϭ 2.76, p ϭ .013; F3/4, t(17) ϭ 3.33, p ϭ .004; FC5/6, t(17) ϭ 2.53, p ϭ .022; FP1/2, t(17) ϭ 3.21, p ϭ .005; F7/8, t(17) ϭ 2.55, p ϭ .021; T3/4, t(17) ϭ 1.78, p ϭ .09. This result further reflects that a larger LPC was elicited by the semantically related trials relative to the controls and suggests a frontocentral distribution of the effect.
There was also a significant interaction between condition, hemisphere, and electrode over the outer circle sites, F(4, 68) ϭ 3.22, p ϭ .041, and a trend toward significance over the middle circle sites, F(3, 51) ϭ 2.88, p ϭ .09. Further 2 (experimental condition) ϫ 5 (electrode) ANOVAs were performed to investigate the significant three-way interaction over each hemisphere at the outer circle sites. Over the left hemisphere, there was significant interaction between experimental condition and electrode, F(4, 68) ϭ 10.87, p ϭ .001. Further paired t tests found that there were significant differences or trends between the LPC mean amplitudes for the semantically related condition versus controls at FP1, t(17) ϭ 2.98, p ϭ .008; F7, t(17) ϭ 2.54, p ϭ .021; and O1, t(17) ϭ -2.00, p ϭ .06. Over the right hemisphere, there was a significant main effect of experimental condition, F(1, 17) ϭ 5.19, p ϭ .036, and an interaction, F(4, 68) ϭ 5.69, p ϭ .015. Further paired t tests found that there were significant differences or trends between the LPC mean amplitudes for the semantically related condition versus controls at FP2, t(17) ϭ 3.08, p ϭ .007, and F8, t(17) ϭ 2.00, p ϭ .06. This result again reflects that a larger LPC was elicited by the semantically related trials relative to the controls at frontal sites and that there was a trend suggesting a larger LPC for the controls over the left occipital site.
Translation form interference effect. P200. There were no significant effects of translation form distractors on the P200. Figure 6 . Grand average event-related potentials elicited by semantically related distractors (dotted lines) and unrelated controls (solid lines) in Experiment 2 from all 29 scalp electrodes. Data are plotted from 100 ms prior to the onset of the second word in each trial until 800 ms poststimulus onset, and negative is plotted up. Significant differences between conditions begin around 300 ms, on the N400 component, and continue into the window of the late positive component. N400. There were no significant effects of translation form distractors on the N400 either. There was only a trend toward a significant interaction between condition, hemisphere, and electrode over the inner circle sites, F(2, 34) ϭ 2.89, p ϭ .09.
LPC. There was a significant interaction between condition and electrode over each set of electrode sites: midline: F(4, 68) ϭ 10.10, p ϭ .000; inner circle: F(2, 34) ϭ 16.24, p ϭ .000; middle circle: F(3, 51) ϭ 12.86, p ϭ .000; outer circle: F(4, 68) ϭ 10.67, p ϭ .001. Further paired t tests showed that there were significant differences or trends between the LPC mean amplitudes for the translation form distractors versus controls at FPz, t(17) ϭ 3.07, p ϭ .007; Fz, t(17) ϭ 3.04, p ϭ .007; Pz, t(17) ϭ -1.90, p ϭ .07; Oz, t(17) ϭ -1.99, p ϭ .06; FC1/2, t(17) ϭ 2.23, p ϭ .04; F3/4, t(17) ϭ 2.80, p ϭ .012; P3/4, t(17) ϭ -1.99, p ϭ .06; FP1/2, t(17) ϭ 2.73, p ϭ .014; F7/8, t(17) ϭ 1.95, p ϭ .07; O1/2, t(17) ϭ -2.98, p ϭ .008. However, it should be noted that the direction of the effect differed by electrode site, such that at frontal sites there was a larger LPC for the translation form distractors, while at the parietal and occipital sites, the LPC was larger for the controls.
Discussion
Experiment 2 aimed to test and confirm the hypothesis, based on the data reported in Experiment 1, that relatively proficient bilinguals activate L1 translation equivalents after accessing the meaning of L2 words. Other than the use of a short, 300-ms SOA between the presentation of the English and Chinese words, the materials and procedures were identical to those used in Experiment 1.
The behavioral data in Experiment 2 replicated the findings of Experiment 1 in that there were significant interference effects for both semantic and translation form distractors in RTs and accuracy. Independent of the hypothesized locus of the translation effect, the pattern of results suggests that the L1 translation is indeed activated even at a short SOA.
However, the ERP results showed a markedly different time course for the semantic and translation form interference effects. A significant semantic interference effect was observed in the time windows for both the N400 and the LPC, but a translation form interference effect was seen only at the LPC. The significant P200 effect for the translation form interference observed in Experiment 1 was not replicated in Experiment 2. However, it should be noted that the significant translation form interference in the LPC in Experiment 2 occurred approximately 800 ms after the onset of the first (English) word. This result is actually consistent with the finding of translation form interference during the P200 in Experiment 1, which occurred about 850 ms after the onset of the English word. These results further support our claim that the meaning of the L2 words can be accessed directly without relying on L1 translation. However, with sufficient time after processing of the L2 word, L1 translations may be activated, resulting in behavioral evidence for the L1 activation. Combined with our finding of translation form interference in the LPC time window in Experiment 1 (i.e., about 1,250 ms after the first word onset), the ERP results of both experiments suggest that L1 translation equivalent is activated after relatively proficient bilinguals already understand the meaning of an L2 word. Such postlexical activation can extend over time and may begin before a behavioral response is initiated. We hypothesize that this is the reason why we and others have observed evidence for translation interference in the behavioral data.
By necessity, Experiments 1 and 2 differed not only on SOA but also on presentation duration for the two words. One potential concern is that the different stimulus durations may have contributed to different patterns of results at two SOA conditions. However, if this were true, the semantic interference effect would also have been expected to show different patterns across experiments, as it may be more difficult to access the meaning of an L2 word in the short SOA condition. However, a similar magnitude of semantic interference was observed in two experiments; the modulation of SOA affected only the translation form interference effect. This result suggests that the factor modulating the translation form interference effect was not the difference in the stimulus durations across conditions but the time required to activate the translation in proficient bilinguals who can read L2 words for meaning without L1 mediation.
General Discussion
In two experiments, relatively proficient Chinese-English bilinguals judged whether a Chinese word was the correct translation of an English word. In Experiment 1, both ERP and behavioral data showed that the meaning of the L2 word was available to these bilinguals. Response times to reject Chinese words that were semantically related to the English words were longer than for unrelated controls. Furthermore, semantic distractors elicited a smaller N400 relative to unrelated controls as well as a smaller LPC over the posterior scalp and a larger LPC over the anterior scalp. The same bilinguals were also sensitive to the lexical form of the translation equivalent in Chinese, with longer RTs to reject translation form distractors than controls. However, the ERP data followed a different pattern for the translation form distractors than for the semantically related distractors. Translation form distractors elicited a larger P200 and a larger LPC than did controls, with only small, inconsistent effects on the N400.
To test the hypothesis that the activation of the L1 translation equivalent in Experiment 1 was a consequence of the relatively long, 750-ms SOA, a second ERP experiment with identical materials was carried out at a short SOA of 300 ms. Behavioral results provided robust evidence for activation of L1 translation, but the ERP results showed that this activation occurred only in a late time window. Taken together, the results of the two experiments suggest that for proficient bilinguals, access to the L1 translation equivalent follows the retrieval of the meaning of an L2 word. The translation equivalent may be likely to be activated only when the conditions of the task provide sufficient time.
The results of the present study support the claim that proficient bilinguals are able to access conceptual information directly from L2 words. In fact, semantic distractors generated the slowest, least accurate behavioral responses, even though they were actually higher frequency than the translation form conditions. That pattern suggests that the bilinguals in the present study were highly sensitive to the semantics of the L2 word. The results also serve to clarify the somewhat contradictory past evidence about the role of translation equivalents for proficient bilinguals. As noted in the introduction, there is evidence that L2 learners who are not yet proficient in the L2 may use the L1 translation equivalent as a means to mediate access to meaning when direct conceptual processing of the L2 word is not yet possible (e.g., Talamas et al., 1999) . However, a number of recent studies have shown that proficient bilinguals appear to access the translation equivalent (e.g., Thierry & Wu, 2007) although by all accounts they should be past a stage of L2 learning when mediation via the translation equivalent may be required. The experiments reported in the present article support the observation in the Thierry and Wu (2007) study in showing that relatively proficient bilinguals activate the L1 translation of the L2 word. However, the present results also go beyond the past studies in demonstrating that it is likely that sensitivity to the translation for highly skilled bilinguals is related to the time course of processing afforded by the task.
Further support for the hypothesis that relatively proficient bilinguals are likely to translate words in L2 when given sufficient time was reported in a recent behavioral study that adapted the Thierry and Wu (2007) design for deaf signers who read English as their L2. Morford, Wilkinson, Villwock, Piñar, and Kroll (2011) asked deaf readers who were bilingual in American Sign Language (ASL) and written English to perform a semantic relatedness judgment in English. As in the Thierry and Wu study, no ASL was presented but some of the English words had translations in ASL that were similar in form. Using a relatively long, 1,000-ms SOA in a behavioral paradigm, there was clear evidence that deaf signers were sensitive to the form similarity of the ASL translations even when they were not explicitly presented, suggesting that they were activating the ASL translations of the English words.
Results from the present ERP experiments show that the effects generated by the two types of distractors are quite different. The N400 effect for the semantically related distractors is similar to the type of semantic priming that might be observed where attenuated N400s are typically interpreted to reflect greater ease of lexical integration for related items (e.g., Holcomb, Reder, Misra, & Grainger, 2005) . In our study, processing of the initial L2 word may ease integration of the semantically related L1 word, providing further evidence for conceptual access by the L2 word. The fact that our behavioral results suggest inhibition, rather than facilitation, is likely related to the demands of the task. In the paradigms usually used for semantic priming experiments, such as lexical decision tasks or even category-monitoring tasks, there is no need to make fine semantic distinctions between items. However, in the translation recognition task, these distinctions are critical and may adversely impact performance on measures of RT and accuracy when words that are closely related semantically in two languages must be rejected as not being translation equivalents. Task differences may also account for a recent result reported by Zhang, Van Heuven, and Conklin (2011) that suggests that it may not only be time course that determines whether the translation is activated but also the convergence with the semantics. Using a masked priming paradigm with a lexical decision task, Zhang et al. found that Chinese-English bilinguals, similar to those in the present study and in the Thierry and Wu (2007) and Wu and Thierry (2010) studies, were facilitated when an English prime was related to the first character/morpheme of the Chinese translation equivalent of an English target word. Because no Chinese words were explicitly present, the results were taken to suggest that the L1 translation equivalent is accessed implicitly under conditions in which there is not sufficient time to develop a strategy that might induce translation processing. However, although the masked priming paradigm is thought to reflect early and automatic processes, the behavioral response to the target word in lexical decision is a process that is open to decision processes that may themselves reflect later stages of processing than those observed in the ERP record. The L1 translation equivalent may be activated automatically, but the consequence of that activation may have its locus later rather than earlier in processing.
The results for translation form distractors on the P200 in Experiment 1 under the long SOA conditions suggest that the L2 word may activate its translation. Effects on the P200 may be based on the feature overlap (orthographic and/or phonological) between two items, and because feature overlap is present only when both words are in the L1 (i.e., the English word and the Chinese word did not share orthographic or phonological form), this result suggests that participants internally generated a representation of the translation of the L2 word, which was compared with the L1 word. It is of note that while Thierry and Wu (2007) found effects on both the P200 and N400 when they directly presented pairs of Chinese words with a repetition of one character to participants, when they presented pairs of English words with a hidden repetition of one character of their Chinese translations, only a reduction of the N400 was found. Thierry and Wu's failure to find a P200 effect in the English-only trials suggests that activation of L1 translation equivalents may have occurred fairly late for their participants in a task that itself did not encourage a translation strategy. This hypothesis was confirmed by the failure to find a P200 effect in Experiment 2 in the present article under short SOA conditions, even using a task that required explicit translation.
In our study, no reliable effects were noted on the N400 for the translation conditions in either of the ERP experiments, seemingly in contrast to previous studies, which have found reliable N400 attenuations for word pairs related phonologically within a language in rhyme judgment tasks (e.g., Grossi et al., 2001 ). However, N400 attenuations are not always found when words are related phonologically. Niznikiewicz and Squires (1996) conducted a semantic judgment task with word pairs of various types including homophones, orthographic neighbors (or near neighbors), semantically related words, and unrelated words. This paradigm might be seen as the monolingual homologue to the translation recognition task, and many of the items in the translation distractor condition in our task were in fact homophones of the correct translation. Niznikiewicz and Squires failed to find effects for homophones on the N400, although they did differ at an earlier point on the N200 (but see also Liu et al., 2003 , for evidence of N400 effects for homophones in a meaning judgment task). Thierry and Wu (2007) did find an N400 effect in a semantic judgment task for the hidden character overlap condition, but unlike in their study, in ours only some of the items had identical characters in the items to be compared. Repetitions (even hidden) of the same character may prime not only orthography and phonology but also semantics, which may lead to greater N400 effects.
In both critical conditions of the two ERP experiments, later effects were observed in a part of the epoch, which may represent a late positive component (LPC) and/or a P600. Differences in the waveforms between these conditions were observed earlier than the button press responses, consistent with a preresponse reanalysis or checking process. It is also possible that these later effects may simply reflect a more conscious recognition of the distractor's similarity to the correct translation. In Experiment 1, while the direction of this effect in the translation conditions was as expected (a more positive waveform for the distractors at all electrode sites), there was a front to back shift in the polarity of this effect for the semantic distractors. Namely, waveforms for the semantic distractors were more positive than for controls at the more anterior electrode sites, but the waveforms were more negative at the more posterior electrode sites. This shift occurred almost exactly at the central sites. In Experiment 2, the direction of the LPC effect shifted for the translation form distractors but not for the semantic distractors. The reasons for these shifts are currently unknown, but the results suggest that there are probably different underlying processes responsible for the late effects across conditions. Direct comparisons across items in the semantic and translation conditions were not made, since items across conditions were not well matched to each other in frequency. However, if our observed effects simply reflected greater ease in processing higher frequency items, then one might have expected more rapid responses and/or earlier ERP effects for the semantic conditions, which were higher in frequency. However, the opposite result was found. RTs for the translation form trials were faster than those for the semantic trials, and ERPs for these items showed differences between critical and control trials beginning earlier than for the semantic conditions in the long SOA experiment. These results suggest that participants were able to process the words in the translation form condition efficiently despite their lower frequency.
The present results have a number of important implications. First, ERP effects on the N400 for the semantic distractor conditions provide further evidence that skilled bilinguals are sensitive to the conceptual, and not just lexical, information provided by L2 words. In addition, while there were significant ERP effects for translation form distractors, they patterned differently from the semantic effects throughout the recording epoch and were modulated by the SOA between first and second words. Evidence suggests that, when given sufficient time, the participants prepared the L1 translation of the L2 word and then compared this translation to the subsequently presented L1 word. Thus, these results suggest that access to the L1 translation can occur for different reasons. For learners at the early stages of L2 acquisition, the L1 translation may provide a means to access the meaning of L2 words, whereas translations may be activated in more proficient bilinguals as a consequence of an interactive lexical system. Proficient bilinguals may also use translations to enhance access to the richer semantic network associated with the dominant L1 and/or invoke them strategically to ease processing of a specific task.
Although the manipulation of SOA in the present study does suggest that there may be task-specific factors that encourage or discourage activation of the L1 translation, the observation that there is extensive cross-language lexical form activation for even highly proficient bilinguals makes the activation of the translation equivalent less surprising. An extensive body of research on bilingual word recognition (see Dijkstra, 2005 , for a review) has shown that even highly skilled bilinguals activate orthographic and phonological neighbors when recognizing words in each language. The effects of cross-language activations tend to be greater when processing the less dominant L2; but with increasing skill in the L2, there come to be effects of L2 on L1 (e.g., van Hell & Dijkstra, 2002) . Any delay in resolving the lexical form of a word will present an opportunity for feedback from the semantics that may eventually result in the activation of the L1 translation equivalent. With the exception of interlingual cognates, these L1 translation equivalents will not bear orthographic and phonological similarity across languages. Once the semantics are available, it is likely that there will be increased feedback to the stronger L1. Unlike the tasks used in most word recognition experiments (e.g., lexical decision, word naming, progressive demasking), the translation recognition task requires access to meaning. Therefore, this task may have been more likely to reveal the effects of semantic feedback, particularly when the SOA was sufficiently long to allow the hypothesized feedback process to be completed.
An interesting prediction is that it should be much more likely that the L1 translation equivalent will be activated when recognizing a word in L2 than the reverse. In the present experiments the L2 word in English always preceded the L1 word in Chinese. One advantage of this approach is that the ERPs were always timelocked to presentation of a word in the participant's native language. However, in future studies, one can examine the semantic feedback hypothesis by reversing the direction of the two words and asking whether even under long SOA conditions there is an effect of the L2 translation equivalent. It seems likely that the time course for activating L2 will be extended relative to L1. In future work it will also be important to evaluate these effects in less proficient L2 learners, for whom the lexical effects are likely to be larger, and where one might hypothesize that access to meaning would rely more directly on lexical processing and on the availability of the translation equivalent in L1. If the logic of the revised hierarchical model is correct (Kroll & Stewart, 1994) , then less proficient L2 learners should be more likely to reveal an N400 for translation form distractors than would more proficient L2 learners.
A final general implication of the present findings concerns the design of studies that examine the interaction of processes that may be enabled or constrained by the time course defined by task parameters. Namely, the choice of SOA between sequential events may impose a set of task demands that influence the observed outcomes. This issue may be particularly relevant for ERP studies in which long SOAs have typically been used to allow investigators to minimize carryover effects, both in individual word recognition tasks such as the one used here and in sentence-processing tasks in which relatively slow rapid serial visual presentation is often used to examine online reading performance. The present study demonstrates the importance of the choice of SOAs and shows that even in an ERP paradigm in which the earliest time course of processing can be observed, there may be task contributions that influence the observed pattern of results. These experiments also highlight the power of using both behavioral and electrophysiological methods to examine language processing. The patterns of convergence and divergence across these methods hold promise for illuminating the source of apparent controversies in the past literature. Note. Whether a distractor or control was paired with each first word was counterbalanced across participants. Correct translations for all words are provided in parenthes es for reference, but participants were presented with only the first word in English and the distractor or control word in Chinese. Sixteen Chinese translation form distractors sharing a same character with the correct translations are italicized.
Critical Stimuli Used in Experiments 1 and 2

